Background: Approximately 70,000 adolescents and young adults (AYA) are diagnosed with cancer each year in the United States. Sarcomas carry a particularly high symptom burden and are some of the most common cancers among AYA. Recent work has documented significant levels of unmet needs among AYA with cancer, particularly the need for psychosocial support. Mobile technology may be a cost-effective and efficient way to deliver a psychosocial intervention to AYA with cancer and cancer survivors.
Introduction
The past decade has seen an emerging interest in identifying and meeting the unique needs of adolescents and young adults (AYA) with cancer [1, 2] . Approximately 70,000 AYA are diagnosed with cancer each year in the United States, with the incidence of cancer in this cohort increasing steadily over the past 30 years [3] . Sarcomas are some of the most common cancers in AYA and are particularly difficult to cope with given the high symptom burden (eg, amputation, limb-salvage surgery) [4] .
Those AYA diagnosed with cancer have a number of unmet psychosocial needs [2, 5, 6] . Living with uncertainty about the future can be an ongoing source of stress and anxiety during and after cancer treatment [7] [8] [9] . In addition, problems with maintaining or making new social relationships have often been cited as pressing issues for AYA with cancer [10] [11] [12] . Given the psychosocial challenges evident in this patient population, the Institute of Medicine National Cancer Policy Forum Workshop emphasized the need to address the unique developmental needs and quality of life in AYA with cancer [2] . Unfortunately, very few studies of psychosocial interventions for AYA with cancer have been conducted [13] .
Two approaches that show promise for helping AYA to cope with the daily psychosocial challenges of cancer treatment are mindfulness and peer social support. Mindfulness-based interventions (MBIs) teach individuals how to observe thoughts and emotions in a nonjudgmental and compassionate manner and redirect attention to the present moment [14] . Mindfulness skills training may help AYA cope with thoughts and feelings rooted in the uncertainty of their prognosis [15] and distress surrounding treatment, adverse effects, and body image concerns. Indeed, among AYA who have finished cancer treatment, those who report higher mindfulness report significantly less distress and uncertainty than those who report lower mindfulness [16] . To date, very few studies have focused on the effect of MBIs in AYA with cancer. However, AYA cancer survivors who completed an 8-week MBI showed a significant reduction in emotional distress and improvement in quality of life, a significant reduction in negative attitudes toward self, and a significant improvement in mindfulness skills at a 3-month follow-up [17] .
Given the lack of peer social support experienced by AYA with cancer, interventions that seek to connect patients or survivors with other AYA who have experienced cancer also show promise [18] because they give AYA the opportunity to receive support from someone who can understand their unique life-changing experience. Despite the documented need for social support in AYA with cancer, research on social support interventions are lacking in this population [18, 19] . Olsen and Harger [20] examined the feasibility of implementing a nurse-led supportive social networking group for AYA with cancer; participants reported experiencing an increased sense of support following the intervention.
Young adult cancer survivors have expressed the need for interventions that are delivered remotely and provide social support [21] . MBIs are increasingly being delivered through mobile phones. A meta-analysis designed to estimate the overall effects of online MBIs (including mobile app-based MBIs) on mental health for a range of populations found that they had a moderate effect on stress and a small but significant beneficial impact on depression, anxiety, well-being, and mindfulness [22] . In addition, social media channels such as Facebook have been explored as a way to connect patients managing health conditions with one another. Key recommendations include iterative content development with input from the target patient population, exploring the role of group "champions," complying with social media policies of health care institutions, and using comprehensive evaluation strategies [23] .
This study had two aims: (1) develop a pilot version of the Mindfulness for Resilience in Illness intervention, a mobile-based mindfulness program and a companion Facebook-based social support program for AYA with sarcoma and survivors, informed by interviews with AYA who have experienced sarcoma, parents, and health care providers; and (2) conduct a single-arm 28-day pilot study to examine program usage and acceptability. An exploratory aim was to examine the effect of the Mindfulness for Resilience in Illness intervention on psychosocial outcomes (ie, mindfulness, social support, psychological functioning, and body image).
Methods

Aim 1: Development of the Pilot Program
The objective of this aim was to conduct semistructured interviews to inform the development of the Mindfulness for Resilience in Illness program.
Design
Our overall qualitative approach was deductive, informed by a preexisting Resilience in Illness Model that described factors associated with resilience in illness [24, 25] in AYA with cancer.
Participants
Those AYA aged 13 to 25 years, previously diagnosed with sarcoma and either undergoing active treatment or within 5 years of transitioning to survivorship care, were eligible to participate. To capture a range of perspectives, we purposefully sought a representative sample of AYA in terms of age, gender, and treatment history (eg, on and off treatment, limb-salvage procedure, amputation). Inclusion criteria for parents were having an adolescent (aged 13-17 years) son or daughter enrolled in the study and being fluent in English. Given that there was likely to be variability in the living situation of young adults (eg, living independently or at college), we limited our parent interviews to parents of adolescents aged 13 to 17 years. For these interviews, we sought parents' perspectives surrounding their adolescent's day-to-day challenges. Health care providers currently providing clinical services to AYA with sarcoma were eligible to participate. Health care providers were purposefully recruited to represent the range of roles in a treatment team (eg, oncologists, nurses, and social workers).
Recruitment
The AYA and adolescents' parents were recruited from a pediatric sarcoma clinic in Los Angeles, California. Research team personnel distributed research flyers to families waiting for clinic appointments and screened interested patients or parents over the phone. Eligible AYA and parent participants provided online assent and consent prior to beginning study procedures. Potential health care provider participants were identified from author NF's network of providers. Author NF emailed study invitations to providers, and interested providers were contacted by research personnel. Providers gave oral consent over the phone prior to beginning study procedures.
Development of Interview Guides
We developed semistructured interview guides to explore ways in which a mobile-based mindfulness and social support program can address the psychosocial needs of AYAs with cancer during and posttreatment. Three separate interview guides were created for AYA, parents, and health care providers. The first section of the interview guides was informed by the Resilience in Illness Model (RIM) [24, 25] , which identified psychosocial factors associated with resilience in AYA with cancer (ie, spiritual perspective, social integration, family environment, coping skills, and hope-derived meaning). This model was chosen to help identify potential resilience-enhancing program components. The second section of the interview guides focused on the use of mobile technology and preferences surrounding potential program content (ie, mindfulness and Facebook social support component). First drafts of the semistructured interview guides were created by author ED and were revised with significant input from the research team. To facilitate the comparison of multiple perspectives on the same topics, the parent and provider interview guides mirrored the patient interview guide and included queries about their beliefs about AYAs' needs for a mobile-based psychosocial intervention. Interview guides are available on request.
Procedure
Two female research team members with qualitative research experience conducted the interviews. No interviewer and interviewee had a prior relationship. Patient and parent interviews were conducted in-person (at the research study's hospital-based offices) or by phone. Health care provider interviews were conducted by phone. All interviews lasted between 45 and 90 minutes. Interviewees were offered Amazon gift cards of US$25 (AYA and parents) or US$100 (providers) as compensation for participating in the study. The research team continued to collect interview data until 10 AYA, five parents of adolescents, and six providers had been interviewed. This coincided with when the team reached a consensus regarding thematic saturation. All interviews were audio recorded, transcribed verbatim, and deidentified for analysis. Interviews were conducted from December 2016 to March 2017. The study was approved by the University of California, Los Angeles Institutional Review Board (IRB).
Data Analysis
The coding scheme was created by the research team. We used deductive coding, informed by the RIM model [24, 25] . As such, author ED created an initial coding structure based on the interview guide, with each factor in the RIM model represented. In addition, codes were created to capture beliefs about the proposed program delivery method (mobile device) and program content (mindfulness and social support). Three research team members trained in qualitative analysis coded the interview transcripts in duplicate and discrepancies were resolved with discussion. Coded interview transcripts were entered into NVivo software (version 10) [26] . Two members of the team independently reviewed data associated with each code and met weekly to discuss emerging themes, ending the discussion when three to five themes were agreed upon. Themes, supporting quotes, and exceptions to the themes were entered into an Excel sheet.
Aim 2: Pilot Test of the Mindfulness for Resilience in Illness Program
The aim of the pilot study was to evaluate the Mindfulness for Resilience in Illness mobile-based mindfulness and Facebook social support program for AYA with sarcoma by assessing usage and acceptance and exploring psychosocial outcomes.
Design
The study consisted of a single-arm, pre-post evaluation of the pilot program.
Participants
The inclusion criteria for AYAs and providers used for the formative interview phase were also used for the pilot test. Parents were not included in the pilot phase of the study. Participants included 17 AYA, seven of whom had participated in the qualitative interviews, and six health care providers.
Recruitment
The AYA were recruited from the same sarcoma clinic from aim 1. The same recruitment method used during the formative interview stage was used to recruit AYA and provider participants for the pilot study.
Mindfulness for Resilience in Illness Intervention Program
The 4-week Mindfulness for Resilience in Illness program consisted of a mindfulness mobile app, a private Facebook group, and a provider guide. The mindfulness mobile app was delivered although a customized version of an existing mindfulness mobile app (Whil Concepts, Inc) available through the Apple iOS App Store and Android Google Play Store. A total of 28 mindfulness audio exercises were selected from the Whil library for the 4-week program. The Learning to BREATHE framework [27] and themes from the qualitative interviews informed the selection of mindfulness meditations for the four weekly program themes: (1) breathe and listen to your body, (2) dealing with difficult emotions, (3) dealing with negative thoughts, and (4) being kind to yourself through challenging times (Textbox 1). Program host videos featuring two sarcoma survivors were also included in the app. The videos were used to familiarize AYA with mindfulness terms and introduce and conclude the weekly program exercises. Four weekly blog posts designed to reinforce the weekly mindfulness concepts were also created for the app and posted on the Facebook group.
The goals of the private Facebook group were to (1) solicit feedback about the app and (2) promote social support among group members. A sarcoma survivor was recruited to moderate the Facebook group, which included posting daily content and facilitating conversation among participants by responding to posts. A total of 38 messages were created for the moderator to post daily (one or two per day).
The provider guide (e-book) was developed to help providers support patients using the Mindfulness for Resilience in Illness program. The 12-page guide provided information about the rationale for teaching mindfulness skills to AYA with cancer and encouraging peer-to-peer social support, with specific strategies for supporting patients through each of the 4 weeks of the program.
Procedure
Both AYA participants and parents (if the AYA was younger than 18 years) completed online assent or consent forms via a secure online survey platform. Following assent or consent, participants also completed demographic questions and psychosocial measures (described subsequently) via the online survey platform. Before beginning the program, AYA participants were invited to attend a 20-minute webinar that provided (1) an overview of how to use the mobile app and the Facebook group and (2) an outline of the 4-week program components (eg, meditations, Facebook posts) and expectations (ie, one meditation per day for 28 days and responding to daily Facebook posts). All AYA participants began the 4-week study on the Monday after the week that the webinars were held. Psychosocial measures and an acceptance test were completed immediately following the completion of the program. The AYA were compensated with a US$75 Amazon gift card.
Three people were involved in the daily administration of the Facebook group: the moderator and two monitors. The moderator was paid US$25 per day for a total of US$750. In addition, two members of the hospital-based research team (authors SRM and LCS) served as monitors for the Facebook group. They were trained by authors LKZ and LAP, a pediatrician and clinical psychologist, to review posts on the Facebook group and to follow the emergency protocol in the case of code of conduct violations (eg, bullying) or signs of self-harm. No such incidents occurred during the study period.
After indicating interest in participating, health care providers were emailed the IRB-approved information sheet serving as informed consent. Providers were emailed the Mindfulness for Resilience in Illness provider guide e-book, instructions for downloading the app, and a link to the online acceptance test. Providers were compensated with a US$100 Amazon gift card. This pilot study was approved by the University of California, Los Angeles IRB and registered on ClinicalTrials.gov (NCT03130751). 
Measures
Demographics
The AYA participants were asked about demographic characteristics during study enrollment, including age in years, race and ethnicity, and treatment status. Providers were asked their clinical specialty.
Usage
Use of the mindfulness app was assessed with (1) number of unique sessions completed (out of 28), (2) number of days using the mindfulness app, and (3) total minutes of engagement with the mindfulness app. Use of the Facebook group was assessed with the response rate to the daily posts.
Acceptance
The acceptance test included questions about general impressions of the mindfulness app, as well as the app's features. Participants were also asked about the helpfulness of the app features and the Facebook group, using both Likert scales and optional open-text fields.
Providers were asked about the usefulness of the program for AYA, the usefulness of the provider guide, and whether they would recommend it to another health provider.
Psychosocial Measures
Mindfulness was measured with the 10-item Child and Adolescent Mindfulness Measure (CAMM) [28] . Items are rated on a 0 (never true) to 4 (always true) scale. The CAMM is scored by reverse scoring all items and calculating a sum. Total scores can range from 0 to 40 with higher scores indicating higher levels of mindfulness. The CAMM has demonstrated validity and reliability [28] .
Social support was measured with the 20-item Perceived Social Support, Friends (PSS-Fr) scale, which assesses social functioning and peer support [29] . Answer choices for the PSS-FR are "yes," "no," and "don't know." Responses indicating positive perceived social support are scored as 1 (other responses scored as 0). Total scores range from 0 to 20 with higher scores indicating more perceived social support. The PSS-Fr scale has demonstrated validity and reliability [29] and has been used in AYA with cancer [30] .
Psychological functioning was measured with the six-item Pediatric Cancer Quality of Life Inventory 32-Psychological Functioning subscale (PCQL-32-PF) assessing levels of fear, sadness, and worry, including those related to cancer symptoms and relapse [31, 32] . Items are scored on a 0 (never a problem) to 3 (always a problem) scale, and answer choices are summed to create the subscale score. The PF subscale scores range from 0 to 18 with higher scores indicating higher impairment (ie, lower psychological functioning).
Body image was measured using three items from the Body Image Scale (BIS) [33] . This subscale was created from items 1, 8, and 9 from the original measure, which was developed for use with cancer patients. These three items were selected by the clinical team as a brief but representative measure of body image issues faced by AYA sarcoma patients. The items were "Have you been feeling self-conscious about your appearance?" "Have you been feeling the treatment has left your body less whole?" and "Have you felt dissatisfied with your body?" Items are scored on a 0 (not at all) to 3 (very much) scale, and answer choices are summed to create the subscale score. Scores for this subscale range from 0 to 9 with higher scores indicating higher levels of body image distress. 
Data Analysis
Psychosocial Measures
Change in psychosocial outcomes from pretest to posttest were analyzed using paired sample t tests.
Results
Aim 1: Development of the Pilot Program
Characteristics of Participants
Five adolescents and their parents and six young adults (>18 years) were approached and screened. Of the five adolescents and their parents screened, all were eligible and enrolled. Of the six young adults screened, six were eligible and five enrolled. One patient indicated interest but was lost to follow-up. Seven providers were approached and six were screened. One provider declined indicating they were too busy. In total, 21 participants were interviewed. The AYA (n=10) ranged in age from 14 to 23 years (mean 19.3, SD 3.4 years; 50%, 5/10 female). All AYA reported a current or past diagnosis of sarcoma, except for one patient who had another cancer diagnosis but was receiving treatment through the sarcoma clinic. Four of the five parent participants and three of the six providers were female. Participant demographic data are presented in Table 1 .
Main Themes
Our exploration of the ways in which a mobile-based mindfulness and social support program can address the psychosocial needs of AYAs with sarcoma yielded three main themes: anxiety about reoccurrence, openness to mindfulness, and desire to connect with other patients.
Main Theme 1: Anxiety About Reoccurrence
Most parents, providers, and patients described that patients are often consumed with worry about the future. Patients described how they feared medical scans or became overly focused on symptoms because of underlying fears about an uncertain future. For example, one participant described: 
Main Theme 2: Openness to Mindfulness
When asked about interest in mindfulness to cope with anxiety, most AYA expressed being open to mindfulness but were generally unfamiliar with mindfulness skill-building strategies. A young participant described her interest in learning more about mindfulness skills (eg, present moment awareness, breath work, self-compassion): Main themes associated with AYA intervention preferences are presented in Table 2 .
Integration of Framework and Key Interview Themes into Development of the Program
Examination of the RIM-based [24, 25] interview themes guided the development of the Mindfulness for Resilience in Illness program content. Specifically, a persistent theme of anxiety related to uncertainty surrounding reoccurrence and treatment adverse effects confirmed the utilization of a mindfulness-based program. Qualitative data revealed that imaging scans are a source of anxiety, and one participant expressed concern about using the term "body scan" to describe a mindfulness activity. As such, we did not use this specific exercise and reviewed program content for other potential procedure-related terminology. In addition, discussion of self-image concerns informed our decision to end the program with an emphasis on self-compassion.
The strong interest of the AYA in connecting with and learning from other AYA who have experienced cancer guided the content development for both the mindfulness app and the Facebook-based social support group. Given that AYA were interested in-but mostly unfamiliar with-mindfulness, we decided to create videos featuring two sarcoma survivors as program hosts. Facebook group refinement included tailoring activities to promote group interaction and ensuring that group participation would be private.
Building on the interview results, the Learning to BREATHE program [27] informed the structure of the mindfulness app portion of the program. The Learning to BREATHE [27] program was chosen because it is a sequenced mindfulness program appropriate for introducing AYA to mindfulness. Learning to BREATHE has been shown to affect positive outcomes in high school [27, 34] and college-aged students [35] .
Provider interviews indicated that providers wanted to support their patients' use of a mindfulness-based program. Providers also indicated that providers focused on addressing psychosocial needs of AYA (eg, psychologists, social workers, and child life specialists) would be most likely to implement the program. Collectively, these findings guided the development of a provider e-book guide.
All program content was reviewed by the study team to ensure that the content would be developmentally and cognitively appropriate for the intended participant sample. Intervention components are described in the aim 2 section; Textbox 1 and Table 3 present the app program content and a description of the Facebook group content, respectively. Table 2 . Suggestions from adolescents and young adults for the intervention.
Example quote Theme
"I think that, and just like spreading positivity on that page is obviously going to be a huge plus". Positive tone "I don't necessarily need this friend that I knew in elementary school to know that I am part of this sarcoma support group. Having that either be secret or specifically just within the app, I think that make some people feel more comfortable." (7) Happy Breath "It was very interesting, definitely going to try it when I need to next"; "I liked this one but I preferred the other two where we would name the emotion a bit more. The others where a bit more helpful to me since the reflection often caused me to start over analyzing and I wasn't really able to get out of it."
What did you think about today's "Reflect and Redirect" exercise? "I have learned to be calm and 4 words are calm passion thankful and nature"; "Introspection, breathing, calm, and accepting. I've learned that this is something that truly helps and that I should continue doing in some way, even if it's only 5-10 minutes a day."
It's the final day of the program. List 4 words that describe how you feel about the program. What have you learned? Post a word, picture or image that helps to summarize what you have learned.
(53) 1(50) Interaction and reflection
"My spirit animal would be a lion. The lion is my spirit animal because it is stronger, courage(ous) and a leader. I'm very much like a lion…and they are also my favorite animal"; "Batman is my spirit animal. I believe Batman is someone that represents the good and bad in everyone, He transcends the limits of man. I believe that in battling cancer we all find ourselves becoming Batman!" What is your spirit animal and why? (It doesn't have to be an actual animal, you can channel your favorite singer/artist, etc) Give us a visual! Post a photo to illustrate! "The $500 would go into my cosplay fund. I can buy fabric and wigs for characters I want to become"; "I think I would save it for my college fund. I feel like that would help my self-image in that it makes me more secure in my future and gives me more power and choice over it."
You have $500 and you can shop for anything that affects your self-image. 
Aim 2: Pilot Test of the Mindfulness for Resilience in Illness Program
Characteristics of Participants
Of the 26 patients approached, 22 patients were screened. Of those not screened, two were lost to follow-up, one was not interested, and one was not available during the intervention period. Of the 22 AYAs screened, 22 were eligible and 20 enrolled in the study. One patient indicated interest and was invited to enroll but did not complete online consent forms. The other patient declined because of disinterest. Six providers were screened, found to be eligible, and enrolled. In total, 26 people participated in the pilot study. Twenty AYA participants consented to be in the study. Seventeen of these participants (mean age 19.1, SD 3.7 years; 41%, 7/17 female) downloaded the app and joined the Facebook group (seven of these participants participated in the aim 1 interviews). Of the remaining three participants, one formally withdrew, and two did not participate in the study after completing the online consent and prestudy questionnaires. Data presented throughout this report exclude these three individuals who withdrew from the study. Six additional health care providers consented to participate in the pilot study stage; all six were female. Based on information gathered in the earlier interviews about who would be most likely to offer a psychosocial intervention to patients, we purposefully recruited three child life specialists: two nurses and one psychologist. See Table 4 for details about participant characteristics. 
Mindfulness App Usage
On average, participants completed a mean 16.9 (SD 11.9, range 0-28) of the 28 unique sessions, used the app for a mean 10.2 (SD 8.2, range 1-23) days during the evaluation period, and engaged with the app for a mean 112.5 (SD 79.4, range 1-208) minutes.
Facebook Social Support Group Usage
All but one person (16/17) in the Facebook group posted at least one reply to the moderator's prompts. The mean number of responses was 15.2 of 31 (49.0%, range 0%-96.8%); therefore, participants responded to approximately half the moderator's posts. The daily response rate ranged from 23.5% to 75.0% (mean 49.9%); which means on any given day approximately half the participants responded to the moderator's post. See Table 3 for a sample of the daily moderator prompts, example responses, and the mean response rates for each category of post.
Mindfulness App Acceptance
Overall, participants responded that they enjoyed using the app (mean 5.69, SD 1.12; 1=not at all to 7=very much so), would be likely to continue using the app (mean 5.13, SD 1.54; 1=definitely no to 7=definitely yes), and would be very likely to recommend it to others (mean 6.19, SD 1.05; 1=definitely no to 7=definitely yes). See Table 5 for the ratings of specific features. Table 5 . Results of acceptance tests completed by adolescents and young adults (AYA) and providers. Open-ended responses about the experience of AYA with the mindfulness app revealed that some participants found the audio meditations to be relaxing, and in some cases detailed how they were helpful. As one male explained, "I loved that it helped remind me to be mindful of my actions that contribute to battling my anxiety" (patient 205). Others explained that the audios helped with sleep; one female said, "I sometimes have [a difficult time] time sleeping or getting a full night rest but after listening to the voices I slept through the whole night" (patient 206). Participants also offered a range of suggestions for improving the mindfulness app, which centered around improving navigation, more opportunities for active participation, and more references to the cancer experience. Recommendations are listed in Textbox 2.
Facebook Social Support Group Acceptance
Participants responded that they found the Facebook group somewhat helpful (mean 4.56, SD=1.75; 1=not at all helpful to 7=very helpful). All 16 participants who completed the acceptance test replied "yes" when asked, "Would you recommend that this type of online social group be part of a future support program for youth with cancer?"
Participants described their experience with the Facebook group in open-ended responses. Participants felt strongly that online social support was a crucial and absent component of their cancer experience. As one young female described, "A social group for young people affected by cancer is something major that is missing for the emotional side of treatment" (patient 215). Some participants stated appreciation for the group; for example, "I liked that it was a safe place to expose your own thoughts/anxieties" (patient 205). In addition, they appreciated that the questions posed by the moderator were not only direct questions about the app program; for example, "I liked that there were not just questions referring to the meditations" (patient 213). Some responded that being expected to respond daily was too much; for example, "That there were questions every day, it was a little hard to keep up with responding" (patient 209).
Participants also offered several useful suggestions for future iterations of the online social support group. 
Psychosocial Measures
Results of paired samples t tests indicated there were no significant differences from pretest to post test on measures of perceived social support, mindfulness, body image, or quality of life. Means are presented in Table 6 .
Provider Acceptance of the Mindfulness App and Facebook Social Support Group
Providers were enthusiastic about the program. Asked if the mindfulness app would be very helpful for AYA with cancer, four of six responded 7, and two of six responded 6 (where 1=not at all helpful to 7=very helpful). Five of six responded 7, and one of six responded 6 when asked if they would be very likely to recommend it to a family with an adolescent or young adult managing cancer. Please see Table 5 for other quantitative responses.
Providers' open-ended responses about the mindfulness app and the Facebook social support group also revealed enthusiasm for the approach. One provider reported that the peer-to-peer resources were important (eg, "Peer videos were great! I think you get the most buy in from teenagers when they can hear directly from others who have similar experiences"). Others described the importance of helping AYA to identify and regulate emotions, for example, "I also specifically liked the information about the temporary state of emotions" (provider 02) and "Love the ride the waves quote. This is so true. We cannot take away our emotions, but we can learn to deal with them" (provider 03).
Provider Acceptance of Provider Guide
Providers also reported that the provider guide would be a helpful resource (four of six chose 7, one of six chose 6, one of six chose 5; 1=not at all helpful to 7=very helpful), and that the program overall was something that they would be very likely to recommend to another health care provider (five of six chose 7, one of six chose 5; 1=not at all likely to 7=very likely). 
Discussion
The aim of this study was to use a patient-centered approach to develop and pilot-test the Mindfulness for Resilience in Illness program, a mobile-based mindfulness and social support program for AYA with sarcoma and survivors. Overall, AYA used the program and responded positively to it, offering useful suggestions for improvement. This study extends the small body of research on the use of mindfulness-based programs for AYA with cancer [17] , offers further support for the use of Facebook as a tool to offer social support to young people managing a health condition [36] , and suggests that it may be acceptable to deliver this content through a mobile device to AYA who have experienced sarcoma.
Participants in our study were encouraged to complete one meditation per day for 28 days. On average, participants completed 17 unique meditations and used the app for 112 minutes over 10 of the 28 days, which suggests that AYA users may prefer informal use of mindfulness and resiliency skills rather than directed daily use. Limited data exist on how much time participants need to practice mindfulness meditations to experience meaningful change. Although many mindfulness apps exist, the quality and systematic examination of these apps vary. A recent review and evaluation of mindfulness-based iPhone apps [37] identified five apps that provided progressive/program-based mindfulness training with recommendations for daily practice. Of these, the Headspace app received the highest average quality score. In a recent study [38] of the effectiveness of the Headspace app, completion of 10 approximately 10-minute sessions, was found to be sufficient to positively impact stress, affect, and irritability. These 10 sessions were completed over 15.8 days. Although these app engagement data are comparable to the results from this study, the Headspace intervention was conducted with healthy adults so these findings may not generalize to a clinical AYA population. More research is needed to determine the appropriate mindfulness app treatment engagement dosage necessary to affect meaningful clinical change.
Acceptance data suggested that most participants enjoyed using the program and that it helped them to relax. Participants also suggested modifications that could improve the experience, such as including music in the app or including a timer so that the app could turn off after the user had likely fallen asleep. Practical suggestions such as these could help increase engagement in a program. Sleep difficulties are common among AYA with cancer [39] , so it is important to get feedback on modifications to the app that might help with sleep. Given that others have reported that mindfulness may be helpful for AYA dealing with the experience of cancer [17] , the main implication from our study is that it may be feasible to deliver an MBI to AYA with sarcoma using mobile technology. Mobile-based interventions can be used to complement or extend the benefits of in-person programs. As such, a program such as the one described in this paper may be a valuable complement to a hospital-based mindfulness program for AYA dealing with sarcoma.
Participants in the study were also encouraged to participate in a Facebook group with daily prompts to answer questions about the mindfulness app, or questions designed to promote positivity and social interaction. Participants responded to approximately half of the prompts, and approximately half of the participants joined the conversation on any given day. Quantitative acceptance data revealed that most participants did not agree that the Facebook group helped them connect with other patients. The qualitative feedback helped to explain this finding; AYA reported that they wanted more of the conversation to be about the cancer experience and they wanted more opportunities to get to know the other participants. These qualitative findings are consistent with results from surveys suggesting that AYA with cancer have unmet social needs [12] and suggest that improvements to a future Facebook-based social support group could be to facilitate more opportunities for relationship building among participants. Possibilities include crafting daily prompts specifically around the experience of living with cancer as a way to facilitate more meaningful conversation and deeper connections, and asking participants to participate in "buddy" exercises with another member of the group. In addition, guidelines for using Facebook groups in the management of disease include understanding the potential role of group "champions" [23] . In our experience, it was important to recruit a group moderator who was enthusiastic about the goals of the group and who had also experienced cancer. The daily presence of the moderator and the moderator's willingness to respond to participants' comments appeared to encourage conversation.
Finally, health care providers were asked to review a provider guide and comment on the program overall. The response was positive, and providers gave practical suggestions for improvement. Specifically, providers reported that including resources to help them learn mindfulness skills would be useful.
For the pilot study, we purposefully recruited providers who would be likely to offer the program to AYA (based on findings from the preliminary interviews). As such, we are encouraged that this group of six providers saw value in the program.
We did not see a significant change in the psychosocial measures of mindfulness, social support, psychological functioning, and body image. The main goals of the study were to develop and evaluate the use and acceptance of a pilot program. Given that the examination of psychosocial outcomes was exploratory in nature, this sample may not have been adequately powered to detect significant changes in these outcomes. The pilot study also did not include an assessment of factors that may have affected psychosocial outcomes. For example, it was beyond the scope of this pilot study to assess whether treatment engagement factors (eg, adherence, type of sessions completed, mindfulness practice, Facebook engagement) affected outcomes. In addition, the intervention improvement recommendations may provide some insight into intervention-related factors that may have contributed to psychosocial outcome results. Specifically, the program content may not have included enough opportunities for social interaction and social discussions surrounding different aspects of cancer treatment. Collectively, given these findings and methodological considerations, more work is needed to determine the effects of this intervention on psychosocial outcomes.
There are several limitations to our study. Our sample included patients with sarcoma, and most patients were off treatment, which may limit the generalizability of our findings to AYA patients with other cancer diagnoses and at different phases of treatment. In addition, it was beyond the scope of this study to examine how gender or age may affect intervention outcomes. Although qualitative themes were consistent across participants and participants expressed a desire for advice from teens and young adults, future work would benefit from examining whether developmental stage and gender affect psychosocial treatment needs and outcomes. Feedback from this sample will inform future program refinement, and future studies will utilize randomized controlled trials to examine the effects of this intervention on psychosocial outcomes in more diverse samples of AYA with cancer.
This study used a patient-centered approach to evaluate the unique needs of AYA with sarcoma and develop a mobile-based mindfulness and social support program for this AYA patient population. Mobile-based programs are cost-efficient, easy to disseminate, and have wide reach. These findings provide preliminary evidence of the feasibility and acceptability of a mobile-based mindfulness and social support program for AYA with sarcoma.
